
































































SPECTRA 

to ' '- 5 em s 1, after deposition of the cholesterol peak on 
the belt surface at a belt speed of 1.2 em s 1

• A clear peak 
compression effect is now obtained leading to an in­
crease in peak mtensity by a factor of 3. 

The l imitations under the described conditions arc, of 
course, the maximum allowable flow-rate at low belt 
speeds and the low response time of the vaporizer that 
excludes vaporizer programming in the short time inter­
val. As a consequence, the maximum vaporizer tempera­
ture at the lowest belt speed has to be used. llowevcr, 
the limitation in the maximum allowable flow rate, as 
indica ted above for conventional column types, docs not 
ho ld for microhore systems and certainly not for super­
critical fluid chromatography coupled to a mO\ ing belt. 
In the latter case, belt speed programming becomes 
attractive (7ll ). 

Miniaturized HPLC Systems 

Another approach to overcome the flow-rate prob­
lem in reversed p hase chromatography, and especially in 
gradient elution, i'> the usc of miniaturized IIPLC sy'>tcms. 
Games c t al. (7'5-78) ha\ c evaluated the use of microhore 
system s in moving heir LC/ 1 in derail and show the 
advantages of the lower flow rate de pitc the fact that 
lower fl ow rates arc, in principle, disadvantageous for a 
mass-flow sensitive detector. The restrictions w ith re­
spect to the loadahility were overcome w ith a col ­
umn sv. itching technique (75). Attention "as paid lO 

improved detection limits and the appl icabili ty to quan­
titati\ c ana lysis of pesticides (76). Extra-column band 
broadening (77) .tnd different column type'> (18) ''ere 
:-,tudied. llaye'> (79) reponed on the usc of gradient LC 
M , with microborc columns and sho'"ed that mtntmal 
peak broadening tould he obtained by minor modifica­
tion of the nebuli7er dcs1gn used for con\'enuo nal col­
umns. Bccau.,c the higher outlet concentration of the 
microborc system as compared to the comcntional ap­
proach i'> balanced by a IO\\<er flow rate. the main reason 
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for the observed improved detection limits is the reduc­
tion of the background due to '>Ol \ ent impurities <75. 9). 

Reiser and Barefoot (R0-82) ha\e reported the usc of 
packed fused si lica capi llary LC column-. of 0.2"> mm f!) 
operating with flow rate'> of 1-2 ).II m1n 1 coupled to a 
moving belt interface. Compared LO the direct coupling 
approach, it was found that fo r thermally labile sulfon­
ylureas decompo:-,ition ''as obsen cd '' ith the belt. 
Both the solvent heater and the sample vaporizer were 
set at low temperatures to avoid degradation of the 
analytcs. A compari:.on bet\\ een a micro bore column ( 15 
em by 1 mm) and a fused-silica packed column (30 em 
hy 0.25 mm) showed a hellcr performance for the laller 
with respect to detection limits. i!'-. perhaps partly 
due to adsorption effect., in the stainless microbon: 
-.yMcm. The loadability of small-bore column., remains a 
strong limiting factor, hut an injcction conccntration 
method ''as used that cffcctivcl} the sample 
size by one to two orders of magnitude. 

Direct Serum Analysis by Membrane-Dialysis Mov­
ing Be lt LC/ MS/ MS 

Continuou-.-flow techniques arc attractive as sample 
pretreatment methods because of tht• ea-,e of automation 
and coupling to IIPLC. Membrane dialysi., is a technique 
that enables the separation of the analytcs rrom high mo­
lecu lar weight proteins and can hl' carried ou t and 
reproducibly. Since the -.ample b diluted in this step, 
peak compression i'> achieved on a .,mall pre-column, 
after'' hich the analys.., can take place. For mitomycin C, 
\\ e ha\ e shown (83) that a fu lly automawd -.etup. using 
an anal} tical column .tnd l'V-detecuon, can he u-.cd to 
delC'ct thi-. drug at le,·eb of 1 ng ml 1 h) direct scrum 
anal}s" 

.\lttomycin C. can he detected" ith high .,eleui' It} h} 
\I\ .tnd coupled to the P\\ "} .,tc·m. l"ing dircu 
.,crum analy.,is .tnd a non-H>lallll' mobile pha.,e for the 
.,ep.tration on the anal} t1cal column. IIO\\ e\ er. after a 
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rea~onable sample p ret reatment step, d i rect a na ly~i~> us­
ing MS/ M w ill p rovide ~> uffi cient select ivity to ana lyze 
normal d rug le' els encountered in clinica l trials. Thi ~> ap­
proach , consisting o f continuous-flow membrane dialy­
si~>, a small pre-column for clea ni ng concentrat io n of the 
analyte, and a ta ndem mass spectrometer (Figure 7) has 
been tested . Prelim inary experi ments were conducted to 
estab lish the per formance of this setup by di rect serum 
inject ion and detect ion of endogenous chol e~>tero l by MS. 
nesu lts of MS/ M analys is o f an antica ncer drug by this 
method w ill be reported elsewhere (8·1). 

Derivatization 

Oeri vati za tion can be used as an effecti ve tool to 
control sensit ivity and se lectiv ity, parameters o f majo r 
importance for quantitat i ve trace analysis. Literature on 

deriva t i;.a tion in LC/ M. is scarce (85). It i ~> especially 
surprising that most of the derivatization work has lx:cn 
d one in com bination w ith the moving hell interface, 
\\ h i le the o ther popular interface typ<.:~ are more chem­
btry based. Basica lly, p re- and post-column derivatiza­
ti on procedures ca n be distingu ished. 

Pre-column derivatizat io n influences the chromatog­
raphy and the interface and detect ion propert it:~>. This re­
quires careful consideratio n. Fo r example, ~>il} lation, 
o ften used in GC/ M , was used by Quilliam (86) to im ­
prove the volatility o f fatly acids and to obta in good mass 
spectral behavio r. Anthry lmethyl esters of fatty acids 
have been analyzed cs- ) as well , al tho ugh the main ob­
jective was the imroduct ion of fluo rescent properties and 
va lidatio n o f the chromatography by LC MS. Sequence in ­
fo rmation of N-acety i -N.O,S-permerhyla ted derivat ives of 
o ligopeptides have been reported by Yu (88). u~> i ng 
isobutane Cl. Derivatized and underivat ized amino acids 
have been Mudied by Games (89). Carbo nyl compounds 
can he c.leriva tized with 2. 1-d initrophenylhydrazine to 
yield derivati ves with good El and Cl properties in 
positive and negative io n modes. In this case , deri\'a ti­
za tio n is used to decrease the volatilit y of the lower 
mo lecular w eight ketones. 

Post-column derivati za tion is aimed at the improve­
ment of interface and mass spectrometric behavio r. Karger 
<67,68) used a continuous extraction device for p h~l~>C 

transitio n. O n-line, io n-pa ir extractio n wa~> demonstrawd 
and the mass spectral properties of the ion-pair counter 
io ns, such as alkylsulfonates and -sul fate<> were stud ied 
fo r the volat il izati on o f ionic compounds (69. 91 ). 1-'ur­
thermo re, the ion- pairing concept wa~> e\ aluated for 
alky latio n o f analy tes dur ing fl ash eva porat ion . Detection 
limits in the ppb range were repon ed for carboxyl ic aci<.b 
using tet ra butylammonium counterions <92). Conversion 
of primary a mines in to their isoth iocyana tes with ca rbon 
disulfide has also been established <93). 

Conclus ions 

The moving belt interface continues to be a valuable 
approach in LC/MS and SFC/ MS coup ling (9 t-96). ThL· 
most important reasons are the compatibility with a broad 
range o f chro matographic conditio ns and io ni za ti o n 
methods. Both structural and mo lecular we ight inlo rma-

tio n ca n be obtained via low and h igh resolution mass 
spect rometry. as \\ell as v ia MS/ MS tech nique~> . lntere:-.t­
ing ne~ concep ts such as phase system switching. on­
line membrane dia lysis, and rhe incorporation of more 
deri \'a t ization c hemistry w ill certainly enlarge the -,cope 
o f LC MS and of the moving belt interface, in pa rt icular. 
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Biographies 

jan van de r Gree f ~tudied chemistry al Lhe Univer­
:-- ll tes of Utrecht and Am!>terda m. Follo\\' ing hi:- gradu­
atio n in l 97'5. he worked o n field desorption and field 
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ionization kinetics in the group of Prof. . I.M . ibhering 
and obtained his Ph .D . from the l ' niver-.it} of Am-.ter­
dam. '-;mce 19HO. he has\\ orked at the Department of In­
strumental Analy'>is of the T'\'0-CIVO Food Analy-.t'> 

Institute in Zei'>l. The '\etherlands. In 1986. hl' """ 
appointed Profe-.-.or in Analytical Chemistry at the Center 
for Bio-Pha rmaceut ical ~ciences ( CBP~) of the l 'ni' er-.ity 
of Leiden . Both group-.tarr} out re-.earch on sampll' pn:­
treatment . separation <GC, IIPLC, SFC, and electromigra 
tion) , c.ktection (a .o. mas-. spectrometry). and d1emo ­
metrics . I I is specia I interest in the field of ma -.s spl'ctrotnl..'­
try is soft ionit.ation methods< Fl Fl) DCI T~P FAB PD>. 
hyphenated method'> <LC. SFC. and electrornigration 
ml'thod-. combined" ith J\ 1 ~ :--tS) and c.haracterization of 
mtcroorganisms and bod} Ouid-. b) p}roly-.i-. DCI- proftl 
ing in combination "ith pattern rccognitton . 

Wilfried M.A. Niessen '>tudied chemi'>tr} at the rret· 
l 'ni\ l'r'>it} of Am-.terdam, graduating in 1981. \\ ith a '>Pl'­
cialtz.llton in po-.H.hromatographic deri,·atization tl't·h­
nique-. in liquid chromatography. lie recein~d ht'> Ph .D 
from the l niversit) of Amswrdam in 19H6. on ma..,.., 
spl'ctrometric detection in open tubular liquid chroma to 
grapy. Since then, he has joined CBPS and is current ly 
invol\'ed in research on the development of combina­
tions of supercrit ica l Ouid, gas, and liquid chromatogra 
phy w i th tandem mass -.pectrometry for bioanaly-.h . 

Ubbo R. Tjaden graduated as an analytical chemi'>t 
-.peciali7ing in separation methods from the l lniH·r'>ity of 
Amsterdam in 197 1, ''here he obtained his Ph .D . in 19'6. 
l ie joined the Uni' ersit} of Leiden in 19- 6 and -.tarted the 
bioanalytical '>epa ration group. In 1 9H 1. the group " ..... 
incorporated into the divi'>ion of Analytical Chemhtr} of 
the CBP~. I lis pre'>ent re'>earch h concentrated o n the de­
velopment or automated pre-chromatographic ..... mpk· 
pretreatment procedures, as "ell as poM-chromawgra­
phic deri' atit.ation method'> hy mean~ of continuou~ flo" 
and \ah e "'"itching tethniques. lie is abo con<.erned 
with the application of amperometric. laser- induced fluo­
rescence , and ma'>~ ~pectrometric detection in liquid 
chromatography. supercritical Ouid thromatography , and 
electromigration techniques. 

'>pnng 19H9 



I! Finnigan 1· mAT 
355 River Oaks Parkway 
Son Jose. CA 95134 

ADDRESS CORRECTION REQUESTED RETURN 
POST AGE GUARANTEED 

• 

A Finnigan MAT Publication 

Copynght 1989 by F1nn1gon Corporollon All nghts reserved Pnnled 1n the U 5 A CSt889072/8·89 


